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SEMICONDUCTOR DEVICE AND 
SEMICONDUCTOR PACKAGE INCLUDING 

THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

The present invention claims priority of Korean patent 
application number 10-2008-0134579, ?led on Dec. 26, 
2008, Which is incorporated by reference in its entirety. 

BACKGROUND OF THE INVENTION 

The present invention relates to a semiconductor device 
and a semiconductor package, and more particularly, to a 
semiconductor device and a semiconductor package having 
the same, including a decoupling capacitor. 
A poWer ground grid noise may occur in a semiconductor 

device, When current is consumed abruptly and a plurality of 
signals are inputted/outputted simultaneously. As an integra 
tion degree and an operation speed of the semiconductor 
device increase, an amount of the poWer ground grid noise 
increases. Typically, a decoupling capacitor has been used to 
remove the poWer ground grid noise. The decoupling capaci 
tor connects betWeen a region for providing a poWer voltage 
(VDD) and a region for providing a ground voltage (V SS) and 
acts as a poWer storage tank. The use of the decoupling 
capacitor can remove the poWer ground grid noise, thereby 
stably supplying a poWer to the semiconductor device. 

FIG. 1 is a vieW illustrating a layout of internal circuits 101 
and a decoupling capacitor in a conventional semiconductor 
device. 
As shoWn in FIG. 1, the internal circuits 101 process sig 

nals inputted into the semiconductor device 100. For 
example, the internal circuits 101 may be a circuit for storing 
data. The decoupling capacitor is deployed on a regionA 103, 
on Which the internal circuits 101 is not arranged. 

Since a capacitance of the decoupling capacitor con?gured 
generally as a Metal Oxide Semiconductor (MOS) is very 
small, a plurality of the decoupling capacitors are arranged on 
theA region 103 to minimiZe the amount of the poWer ground 
grid noise and thus enough capacitance is ensured. 

Meanwhile, as aforementioned, as the operation speed of 
the semiconductor device 100 increases and an amount of the 
poWer ground grid noise increases, there is a need to deploy 
more decoupling capacitors on the region A 103 in order to 
minimize the poWer ground grid noise. Accordingly, an 
increased space for deploying the more decoupling capacitors 
is necessary on the region A 103 and the increased space 
causes to limit an area of the semiconductor device. 

Additionally, since the decoupling capacitor has to be 
arranged on the region A 103, on Which the internal circuits 
101 are not arranged, the space for deploying the decoupling 
capacitor is limited. 

SUMMARY OF THE INVENTION 

Exemplary embodiments of the present invention are 
directed to provide a semiconductor device and a semicon 
ductor package including the same capable of removing e?i 
ciently a poWer ground grid noise by ensuring much capaci 
tance of the decoupling capacitor Without increasing the area 
for deploying the decoupling capacitor. 

In accordance With one aspect of the present invention, 
there is provided a semiconductor device, comprising: a ?rst 
chip including at least one decoupling capacitor; and a second 
chip stacked over the ?rst chip, including internal circuits. 
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2 
In accordance With another aspect of the present invention, 

there is a semiconductor package, comprising: a Wire board; 
a ?rst chip stacked over the Wire board, including at least one 
decoupling capacitor; and a second chip stacked over the ?rst 
chip, including internal circuits. 

According to the present invention, much capacitance of 
the decoupling capacitor can be endured by providing the 
decoupling capacitor formed on a separate semiconductor 
chip Without increasing the area thereof, thereby removing 
e?iciently the poWer ground grid noise. 

Additionally, according to the present invention, a decou 
pling capacitance of the decoupling capacitor can be endured 
easily by providing the decoupling capacitor formed on a 
separate semiconductor chip Without performing minute pro 
cesses, thereby removing e?iciently the poWer ground grid 
noise. 

Finally, according to the present invention, a decoupling 
capacitance of the decoupling capacitor can be endured easily 
by providing the decoupling capacitor formed on a separate 
semiconductor chip Without a space limitation, thereby 
removing e?iciently the poWer ground grid noise. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a vieW illustrating a layout of internal circuits 101 
and a decoupling capacitor in a conventional semiconductor 
device 100; 

FIG. 2 is a vieW illustrating a semiconductor device 200 
according to an embodiment of the present invention; 

FIG. 3 is a cross-sectional vieW illustrating an embodiment 
of the semiconductor device 200 shoWn in FIG. 2; 

FIG. 4 is a vieW illustrating a con?guration of a capacitor 
305 of a ?rst semiconductor chip 301 shoWn in FIG. 3; and 

FIG. 5 is a cross-sectional vieW illustrating a semiconduc 
tor package according to an embodiment of the present inven 
tion. 

DESCRIPTION OF SPECIFIC EMBODIMENTS 

Other objects and advantages of the present invention can 
be understood by the folloWing description, and become 
apparent With reference to the embodiments of the present 
invention. In the ?gures, the dimensions of layers and regions 
may be exaggerated for clarity of illustration. Like reference 
numerals refer to like elements throughout. 

FIG. 2 a vieW illustrating a semiconductor device 200 
according to an embodiment of the present invention. 

Referring FIG. 2, the semiconductor device 200 includes a 
?rst semiconductor chip 201 and a second semiconductor 
chip 203. The second semiconductor chip 203 is stacked over 
the ?rst semiconductor chip 201. 

The ?rst semiconductor chip 201 includes at least one 
capacitor. The second semiconductor chip 203 includes inter 
nal circuits for processing inputted signals. The capacitor of 
the ?rst semiconductor chip 201 may be a decoupling capaci 
tor for removing the poWer ground rid noise. 

Differently from the conventional semiconductor device 
100 shoWn in FIG. 1, the decoupling capacitor is deployed not 
on the second semiconductor chip 203 With the internal cir 
cuits, but on the ?rst semiconductor chip 201. The ?rst semi 
conductor chip 201 is connected electrically to the second 
semiconductor chip 203. The ?rst and second semiconductor 
chips 201 and 203 may be connected electrically With each 
other through a connector. The connector is formed by a 
Through Silicon Via (TSV) process. More detailed connec 
tion con?guration of the ?rst and second semiconductor chips 
201 and 203 Will be described later. 
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Accordingly, since the second semiconductor chip 203 
does not include the decoupling capacitor, the area of the 
second semiconductor chip 203 can be decreased as much as 
the area of the decoupling capacitor. Also, the overall area of 
the semiconductor device 200 can be decreased. In addition, 
since the decoupling capacitor is formed on the ?rst semicon 
ductor chip 201 regardless of a deployment of the internal 
circuits, the deployment of the decoupling capacitor is made 
easily Without a space limitation. 

Additionally, since the decoupling capacitor is formed on 
the ?rst semiconductor chip 201 on Which the internal circuits 
are not arranged and thus have enough space, minute pro 
cesses for fabricating the decoupling capacitor are not neces 
sary. Therefore, the decoupling capacitor can be fabricated 
easily. 

MeanWhile, the capacitors included on the ?rst semicon 
ductor chip 201 may be used to perform various functions 
depending on the second semiconductor chip 203. For 
example, When the second semiconductor chip 203 is a 
DRAM chip and includes a boosted voltage VPP generating 
circuit applied to Word lines, the capacitor included on the 
?rst semiconductor chip 201 may be used in generating the 
boosted voltage VPP. 

FIG. 3 a cross-sectional vieW illustrating an embodiment of 
the semiconductor device 200 shoWn in FIG. 2. 

Referring FIG. 3, a ?rst semiconductor chip 310 and a 
second semiconductor chip 307 include a ?rst pad 303 and a 
second pad 309, respectively. Even though the ?rst and sec 
ond pads 303 and 309 are only illustrated in cross-sections 
thereof in FIG. 3, the ?rst and second semiconductor chips 
301 and 307 each include a plurality of pads. Here, the ?rst 
and second pads 303 and 309 may be a poWer pad or a ground 
pad. 
A decoupling capacitor 305 included on the ?rst semicon 

ductor chip 301 is connected electrically With the ?rst pad 
303. In more detailed description thereof, on one end of the 
decoupling capacitor 305 is connected electrically With a 
poWer pad and the other end thereof is connected electrically 
With a ground pad. FIG. 3 illustrates schematically the decou 
pling capacitor 305 and detailed con?guration thereof Will be 
described referring to FIG. 4. 
A via 311 formed inside the second semiconductor chip 

307 connects electrically the secondpad 309 With the ?rst pad 
303 and thus the ?rst and second semiconductor chips 301 
and 307 are connected electrically. In more detailed descrip 
tion thereof, the via 311 connects electrically the poWer pads 
of the ?rst and second semiconductor chips 301 and 307 and 
the ground pads of the ?rst and second semiconductor chips 
301 and 307, depending on the pads connected With the 
decoupling capacitor 305. 

The via 311 may be formed through a Through Silicon Via 
(TSV) fabricating process. A metal layer 314 connects elec 
trically the via 313 and the second pad 309. The via 311 may 
be formed directly on a region of the second pad 309. The via 
311 may be connected electrically With the second pad 309 
Without a separate metal layer. The internal of the via 311 is 
?lled With a conductive material to connect electrically the 
?rst pad 303 and the second pad 309. 

FIG. 4 is a vieW illustrating an embodiment of a con?gu 
ration of a capacitor 305 of a ?rst semiconductor chip 301 
shoWn in FIG. 3. 
The con?guration shoWn in FIG. 4 is illustrative of the 

capacitor 305 of the ?rst semiconductor chip 301. The capaci 
tor 305 of the ?rst semiconductor chip 301 may include all 
capacitors fabricated through a Wafer manufacturing process. 

Referring FIG. 4, an oxide layer 403 is formed on a silicon 
substrate 401 and a poly silicon layer 405 is deposited on the 
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4 
oxide layer 403. After that, an oxide layer 407, a nitride layer 
409 and an oxide layer 411 are deposited over the poly silicon 
layer 405, subsequently, and then a poly silicon layer 413 is 
deposited on the oxide layer 411. Accordingly, tWo poly 
silicon layers 405 and 413 act as conductive layers and the 
oxide layer, nitride layer, and oxide layer 407, 409, and 411 
interposed there-betWeen act as dielectric layers to form a 
capacitor. A poly silicon layer 401 may be connected With a 
ground pad and a poly silicon layer 413 may be connected 
With a poWer pad. 

Subsequently, an inter-layer insulation layer 415 is applied 
over the poly silicon layer 413 and the oxide layer 411 and 
vias 417 and 419 are formed for the poly silicon layers 401 
and 413 to be connected With the ground pad and the poWer 
pad, respectively. In the next, metal layers 421 and 423 are 
deposited over the inter-layer insulation layer 415 to connect 
With the vias 417 and 419 and then an inter-layer insulation 
layer 425 is applied. Additionally, a via 427 is formed through 
the inter-layer insulation layer 425 to connect the metal layers 
423 and 429. 

FIG. 5 is a cross-sectional vieW illustrating a semiconduc 
tor package according to an embodiment of the present inven 
tion. 

Referring FIG. 5, the semiconductor package includes a 
Wire board 517 and ?rst and second semiconductor chips 501 
and 507. 
The semiconductor package includes the semiconductor 

device 200 as shoWn in FIG. 3. 
The ?rst and second semiconductor chips 501 and 507 of 

the semiconductorpackage shoWn in FIG. 5 correspond to the 
?rst and second semiconductor chips 301 and 307 of the 
semiconductor device shoWn in FIG. 3, respectively. HoW 
ever, the semiconductor chip 501 may further include the via 
505 formed there-through and the via 505 connects electri 
cally the Wire board 517 and the second semiconductor chip 
507. The via 505 may be formed through the TSV process. 
The semiconductor package according to the present 

invention Will be described in detail hereinafter. 
The Wire board 517 refers to a multi layer printed circuit 

board on Which multi layers of metal Wire are formed, and 
includes a third pad 519 for connecting betWeen the ?rst and 
second semiconductor chips 501 and 507 and solder balls 521 
for connecting With external elements. The solder ball 521 
acts as an external connection terminal. The third pad 519 and 
the solder ball 521 are connected With the metal Wires of the 
Wire board 517. MeanWhile, the ?rst to third pads 503, 509, 
and 519 may be poWer pads or ground pads. 
The ?rst semiconductor chip 501 includes a capacitor 504 

and the via 505 of the ?rst semiconductor chip 501 connects 
electrically the third pad 519 With the via 511 of the second 
semiconductor chip 507 and thus connects electrically the 
Wire board 517 With the second semiconductor chip 507. That 
is, the via 505 of the ?rst semiconductor chip 501 connects 
electrically the poWer pad and the ground pad of the Wire 
board 517 With the poWer pad and the ground pad of the ?rst 
semiconductor chip 501. The via 511 of the second semicon 
ductor chip 507 connects electrically the poWer pad and the 
ground pad of the ?rst semiconductor chip 501 With the poWer 
pad and the ground pad of the second semiconductor chip 
507. 
The vias 503 and 511 of the ?rst and second semiconductor 

chips 501 and 507 may be connected With the ?rst and second 
pads 503 and 509 respectively, Without the metal layers 513 
and 515. 
An encapsulation body 523 may be formed of resin and 

protects the ?rst and second semiconductor chips 501 and 507 
from a mechanical or electrical impact. 
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Meanwhile, even though FIG. 1 illustrates an embodiment 
of the Wire board 517 being a printed circuit board; however, 
a tape board and silicon board, etc. may be used as the Wire 
board 517. In addition, the semiconductor package according 
to the present invention may connect electrically the second 
semiconductor chip 507 With the Wire board using a bonding 
Wire Without forming the via 505 through the ?rst semicon 
ductor chip 501. 

The semiconductor package according to the present 
invention may include more than one semiconductor chip 
stacked over the second semiconductor chip 507 Wherein the 
semiconductor chip stacked over the second semiconductor 
chip 507 is connected electrically With other semiconductor 
chips stacked there-beloW and includes a via formed there 
through. 

While the present invention has been described With 
respect to the speci?c embodiments, it Will be apparent to 
those skilled in the art that various changes and modi?cations 
may be made Without departing from the spirit and scope of 
the invention as de?ned in the folloWing claims. 

What is claimed is: 
1. A semiconductor device, comprising: 
a ?rst chip including at least one decoupling capacitor; 
a second chip stacked over the ?rst chip, including internal 

circuits; and 
a connector formed through the second chip, connecting 

the ?rst chip and the second chip, 
Wherein the ?rst chip and the second chip are formed on 

different Wafers, and the connector is a via formed by a 
Through Silicon Via (TSV) process. 

2. The semiconductor device of claim 1, Wherein one end 
of the decoupling capacitor is connected to a poWer pad and 
the other end of the decoupling capacitor is connected to a 
ground pad. 

3. The semiconductor device of claim 1, Wherein the con 
nector connects a poWer pad of the ?rst chip and that of the 
second chip. 

4. The semiconductor device of claim 1 Wherein the con 
nector connects a ground pad of the ?rst chip and that of the 
second chip. 

5. A semiconductor package, comprising: 
a Wire board; 
a ?rst chip stacked over the Wire board, including at least 

one decoupling capacitor; 
a second chip stacked over the ?rst chip, including internal 

circuits; and 
a second connector formed through the second chip, con 

necting the ?rst chip and the second chip, 
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Wherein the ?rst chip and the second chip are formed on 

different Wafers, and the second connector is a via 
formed by a Through Silicon Via (TSV) process. 

6. The semiconductor package of claim 5, Wherein one end 
of the decoupling capacitor is connected to a poWer pad and 
the other end of the decoupling capacitor is connected to a 
ground pad. 

7. The semiconductor package of claim 5, further compris 
ing a ?rst connector formed through the ?rst chip, connecting 
the Wire board and the ?rst chip. 

8. The semiconductor package of claim 5, Wherein the 
second connector connects a poWer pad of the ?rst chip and 
that of the second chip. 

9. The semiconductor package of claim 5, Wherein the 
second connector connects a ground pad of the ?rst chip and 
that of the second chip. 

10. The semiconductor package of claim 5, further com 
prising an encapsulation body for protecting the ?rst and 
second chips. 

11. A semiconductor device, comprising: 
a ?rst chip including at least one decoupling capacitor; 
a second chip stacked over the ?rst chip, including internal 

circuits; and 
a connector formed through the second chip, connecting 

the ?rst chip and the second chip, 
Wherein the connector is a via formed by a Through Silicon 

Via (TSV) process. 
12. The semiconductor device of claim 11, Wherein one 

end of the decoupling capacitor is connected to a poWer pad 
and the other end of the decoupling capacitor is connected to 
a ground pad. 

13. A semiconductor package, comprising: 
a Wire board; 
a ?rst chip stacked over the Wire board, including at least 

one decoupling capacitor; 
a second chip stacked over the ?rst chip, including internal 

circuits; and 
a second connector formed through the second chip, con 

necting the ?rst chip and the second chip, 
Wherein the second connector is a via formed by a Through 

Silicon Via (TSV) process. 
14. The semiconductor package of claim 13, Wherein one 

end of the decoupling capacitor is connected to a poWer pad 
and the other end of the decoupling capacitor is connected to 
a ground pad. 

15. The semiconductor package of claim 13, further com 
prising a ?rst connector formed through the ?rst chip, con 
necting the Wire board and the ?rst chip. 

* * * * * 


